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© Switching arrangement 

© The invention relates to a switching arrangement for operation of a high-pressure sodium dis charge > lamp > by 
means of an adjustable power. Control of the adjustable power takes place by means ; o a co^la«nd 
generated by optical sensing means for registering the spectral power of light emitted by the lamp. Registrar 
of spectral power takes place in a first wavelength range between 350 nm and 800 nm. 
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SWITCHING ARRANGEMENT. 



The iovention relates to a switching arrangement suitable for operating a high-pressure sodium 
discharge lamp by means of an adjustable power and provided with means for generating a control signal 
for controlling the adjustable power. 

Such a switching arrangement Is known from European Patent Application EP-A-240080 (PHN 1.715). 
In the known switching arrangement, the means for generating a control signal form a "Onri 
dependent upon the lamp vottage. The adjustable power is controlled by means of the control signal ,n such 
a manner that the lamp voltage is constant by fair approximation. As a result, it is achieved that the colour 
temperature (T e ) of the light emitted by the lamp Is controllable to some extent and is subject to venations 
only to a comparatively limited extent. 

Umttation of variation of colour temperature is of particular Importance for hlgh-pressure fdium lamps, 
which emit "white light". In general, in these lamps it holds for the colour temperature (T e ) that T c > 2250 K. 
The range in the colour triangle within which the light of a high-pressure sodium discharge , lamp .is 
designated as "white", is limited by straight lines through points with coordinates (x. y): (0.400; 0.430). 
(0 510- 0 430). (0.485; 0.390) and (0.400; 0.360). The colour temperature may reach values of approximately 
4000 K in that case. Lamps of the kind described can be used to replace incandescent lamps. 

A disadvantage of control of the colour temperature by means of the known switching arrangement is 
that the colour temperature depends only in part upon the lamp voltage. Especially sodium disappearance 
and hence variation of the amalgam composition of the lamp filling leads to variation of the colour 
temperature which cannot be controlled by means of control of the lamp voltage. 

The invention has for Its object inter alia to provide a means by which an improved control of the colour 
temperature can be obtained. According to the invention, this object is achieved in that a switching 
arrangement of the kind mentioned In the opening paragraph is characterized in that the means i tar 
generating the control signal comprise optical sensing means for spectral power registration of light emrtted 
by the lamp in a first wavelength range lying between 350 nm and 800 nm. 

The inventors have found that when registering in this manner the spectral power of the light emrtted by 
the lamp, a signal can be produced which represents over a comparatively wide range by fair approximation 
linearly the relation between the colour temperature T e and the power supplied to the lamp. As a result, me 
generated signal is particularly suitable for use as a control signal. It has further been found that the control 
signal is substantially independent of the amalgam composition over a wide range. Likewise it has been 
found by the inventors that there exists a relation suitable for the control signal between the power supphed 
to the lamp and the x -coordinate of the colour point of the light emitted by the lamp. Since ttie y coordinate 
of the colour point of a high-pressure sodium lamp varies only slightly upon variation of the x coordinate, 
colour point control by this control signal leads also to colour temperature control. 

Optical sensing means may be constituted by a photosensitive element having a suitable sensitivrty 
characteristic. It Is also possible that the sensing means are constituted by an assembly of an optical filter 
and a photosensitive element, which assembly has a desired sensitivity charactenstic. The optical filter may 

'^'in^pSeX Claims, those wavelength values at which the sensitivity characteristic of 

optical sensing means has a value of 50% of the maximum sensitivity ^J^J^XZ^SZ 
range in which these optical means register. It is conceivable for the sensrtwrty charactenstic of the optical 
sensing means for the first wavelength range to extend over the whole first wavelength range rt has been 
found, however, that a sensitivity characteristic extending over a few tens to a few hundreds of nm is more 

^S PS 4.012.668 discloses an arrangement for controlling the spectral output of a high-pressure 
discharge lamp by means of control of the power supplied to the lamp. This relates te a ^-pressure 
metal telide lamp. The spectrum of such a lamp is formed to a considerable extent by ^charge of 
mercury to which specific spectral contributions are added by the halide filling constituents presenL There 
is a great variety in filling compositions each having a specific spectral distribution and a corresponding 
dependence on power input and on life. . 

in the case of the arrangement known from the said US Patent Specification, registration in two 
wavelength ranges is necessary. To this end. the optical sensing means are provided with two compara- 
tively broad-band filters which measure over the orange, yellow and red colour range and over the .range _of 
green and blue, respectively. By the use of the optical sensing means having such broad sensitivity bands, 
an accurate colour temperature control will be possible only under particular condition^ 

By normalizing the registered power against the lamp power it is achieved that the swrtchmg 
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arrangement is suitable for operating lamps of mutually differing power ratings without the necessity of 
SS Calibration. The swig arrangement can thus be universally used. This is Pf"^^ 
In that the means for generating the control signal also comprise optical sensing means for s^*»™ 
registration in a second wavelength range situated for the major part In the wavelength range of 500 nm to 

780 tTo advantage of this preferred embodiment is that at least that part of the power emitted by the , tamp 
is used for normalization which accurately corresponds to the eye sensitivity and hence .s a measure for 
the overall quantity of light emitted by the lamp. It Is possible here for the sensing means covering me 
second wavelength range to register over a continuous range. It is aKernatively possible howeven for Je 
sensing means to register in a number of separate wavelength areas, for example 3, the sum of the 
registered quantities serving as a basis for normalization. . „„ . 

It is known that the sensitivity wavelength range of optical sensing means are subject to change for 
example a shift, during life. Such a change is called drift. Drift will influence the accuracy of the colour 
mature control realized by the switching arrangement. When the first wajrelengthrenge .s eason in 
the range from 500 nm to 700 nm. it is found that an accurate colour temperature control can be realized 
which has a comparatively low sensitivity to drift. 

A further improvement, notably as regards the accuracy of the colour temperature conj^l fobs 
achieved, is possible when the means for generating the control s.gnal also compr.ee optical sensing means 
fcr special power registration in a third wavelength range situated between 550 and 650 nm and separated 
for the major part from the first wavelength range. The inventors have found that by means of the results of 
the optical sensing means a signal can be obtained having the form S =» F, - aF 2 + b. where 
S « the signal, 

F, * the power consumed in the first wavelength range, . c . . „ 

F = the power consumed in the third wavelength range, and a and b are ~ n ^ s -^ h ^!" d ^ 
3 are dependent on the colour temperature and the x coordinate of the colour point ol ^the Ugh emitted by 
me lamp respectively. By a suitable choice of a and* . the value of S is 0 for a desired colour temperate 
?x S 2Tt£ desL value of the colour temperature or x coordinate is then the 
or x coordinate which is kept constant by means of me switohing arrangement. It h« . been found that £ 
con-stant a is independent of the amalgam composition. By normahzmg F, and F 2 against the power m the 
second wavelength range, it is achieved that the signal is independent of the lamp power. 

These and other aspects of the invention will be described more fully for an embodiment with reference 
to a drawing. 

Rg.TsSa circuit diagram of a switching arrangement according to the invention provided with a 

as high-pressure sodium discharge lamp; _ f 
Fig. 2 shows emitted powers F 2 in a second wavelength range as a function of x coordinates of 

Rg^Sws'lE^wers F, in a first wavelength range as a function of x coordinates of measured 

40 Ra° 4 s P hows powers F, -J .F 2 as a function of x coordinates of measured colour points; 

F,g 5 sSows powers ?,-0.33.F 2 normalized' against powers F 3 as a function of x coordinates of 
measured colour points; and 

VfSrnSX^ Charge lamp 1 emitting »wh*e « f and Inc^^a 
45 svritchteg arrangement for operating the lamp by means of an adjustable power. Terrninals A B serve 
for connection of the switching arrangement to a source of supply. Reference numeral 3 denotes swrtch ng 
meaTsSfng to control the" power supplied to the iamp. A mter 2 Is ^^^^ 
means 3 and the lamp 1. In a practical embodiment, the source of supply was a 220 V, 50 Hz fiJC. vottage 
sTrce. the filter 2 was constituted by a stabilization ballast and the switching means 3 were constituted by 
so a high-frequency switch in the form of a down converter. 

The^witchlng arrangement is further provided with means 4 for generating a control 
compared with a reference signal V* in a control circuit 5. The result of the companson in he centre 
drcuit 5 serves as a switching signal for the switching means 3. The means 4 for generating the confrol 
gna iSS opticaTsensing means 41. 42. 43 and a processing circuit 4A in which the control agnaHs 
55 grated Som the signals originating from the sensing means 41. 42. 43. The optica^ sensing mean may 
be arranged as separate sensing means, as is shown in Fig. 1. It is alternatively possiblej howeverj Uiat 
My™ integrated^ a single element The optica, sensing means have different ^"srtvtty chamctens- 
tics The optical sensing means 41 serve for spectral power registration of the light emitted by the lamp in a 
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first wavelength range lying between 350 nm and 800 nm. The second optical sensing means 42 serve for 
spectral power registration in a second wavelength range 'lying for the mstfor part in the wavelength range 
from 500 nm to 780 nm. The third optical sensing means 43 serve for spectral power registration in a third 
wavelength range lying between 500 nm and 650 nm and substantially separate from the first wavelength 
5 range. 

In a practical embodiment, the third optical sensing means 43 consisted of a combination of a diffusor, 
a monochromator having a low resolution and a photodiode. This combination resulted in an optical filter 
having a sensitivity characteristic of 570 nm to 620 nm. 

The first optical sensing means 41 consisted in this practical case of a combination of a diffusor, a glass 
to filter BQ 28. and a photodiode, resulting in a sensitivity characteristic of 380 nm to 480 nm. 

The second optical sensing means 42 consisted of a combination of a diffusor and a photodiode, resulting 

in a sensitivity characteristic of 500 nm to 950 nm. 

Spectra were measured and analysed for a number of test lamps. The lamps concerned were lamps 

having a power rating of 50 W, each operated at powers with an adjustment between 20% overload and 
rs 20% underload. The spectrum of the emitted light and the x coordinate of the colour point were measured 

for each power setting. 

The lamps were subdivided into five groups corresponding to differently chosen amalgam compositions 
according to the following summary: 
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type No. I 


weight ratio mercury/sodium: 40/18 


II 


40/15 


III 


40/13 


IV 


40/11 


V 


40/9. 



Figures 2 to 4 show results of an analysis of the spectra measured. 

In Fig. 2, the power F 2 in W is plotted on the ordinate, which power is emitted in the wavelength range 
30 of 570 nm to 620 nm in the spectra measured. The x coordinate of the colour point is plotted on the 
abscissa. 

The points in Fig. 2 associated with the same lamp type are interconnected by a line marked with the 
relevant type number. 

In Fig. 3, the power Fi emitted in the wavelength range of 380 nm to 480 nm is shown in a 
36 corresponding manner. 

Of the results as shown in Figures 2 and 3, the relation Fi-J .F2 is then determined and shown in the 
graph of Fig. 4. Inspection of Fig. 4 shows that a signal generated according to the relation shown is very 
suitable as a control signal for colour point control. For a value of the x coordinate of 0.475, the result of the 
relation is substantially zero for each lamp type. 
40 A further improvement with respect to suitability as a control signal is achieved by normalization of the 
results shown in Fig. 4 against a power F 3 proportional to the lamp power. Fig. 5 shows the result with 
normalization against the power F 3 lying in the wavelength range of 380 nm to 780 nm. 

The result shown in Fig. 5 satisfies the relation 
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Fi F 2 

s = o.33 0.03 

F 3 F 3 
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if the value of the x coordinate is chosen to be equal to 0.475. 

Test lamps were operated on the switching arrangement shown in Fig. 1, the value of the x coordinate 
being chosen to be equal to 0.480. Of the lamps thus operated the colour point was measured and is shown 
by squares in the graph of Fig. 6, the x coordinate of the colour point being plotted on the abscissa and the 
y coordinate being plotted on the ordinate. 

Moreover, the colour point of the same lamps was measured with operation at constant lamp voltage. 
The colour points thus measured are indicated by crosses in Fig. 6. Colour points associated with the same 
lamp are provided with the same numeral. 
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In Fig 6 broken lines also Indicate lines of constant colour temperature T e . At ea* broken Mine the 
relevant Le of T, Is Indicated In K. In Rg. 6, the full line marked BBL Indicates the black body line 

SS^trSSLonTok place by means of a signal obtained by aumminj , 
%££m in each of the sensitivity ranges of the sensor. The sensitivity y "» •» ««*0 
wavelength ranges: 415 nm - 445 nm; 515 nm - 535 nm; and 610 nm - 640 nm. The results are 
summarized in table I below. 

Table I 
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1 


2 


3 


lamp A 
lamp B 


2496 
2465 


2503 
2501 


2613 
2594 



Column 1 gives the measured colour temperature T e in the case of operation on a ^^"J 

Sangemen? Z^L columns 2 and 3 give the measured colour temperatures T. in M 

on the switching arrangement according to the embodiment descnbed. In column 2 the des.red colour 

SrpoTntswere aJso measured for the lamps operated In this way. They havebeen ^cated-ith round 

ZXSZii for t difference in x coordinate of the colour point of the lamp determined m a sanilar 
manner as in column 2. 
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Table II 





i 


2 


3 


4 


1. 


350 - 450 


88 


136 


0.007 


o 


Ann • 5nn 


77 


153 




3. 


450 - 550 


55 


440 


0.006 


4. 


500 - 600 


37 


94 


0.003 


5. 


550 - 650 


27 


50 


0.003 


6. 


570 - 670 


32 


52 


0.003 


7. 


650 - 750 


37 


127 


0.003 


8. 


610-640 


14 


110 


0.001 


G. 


550 - 600 


42 


45 


0.004 


10. 


575 - 625 


38 


63 


0.003 


11. 


595 - 645 


19 


91 


0.002 


12. 


500 - 600 


31 


66 





It should be noted that a colour point difference of 100 K or less is usually not discemable to the human 
eye. Consideration of the RMS values In column 2 for the wavelength ranges with numerals 1 to 12 shows 
that a linear relation is a good approximation for the first wavelength range situated between 350 nm and 
800 nm. A comparison of the ranges with numerals 1 to 7 and the accompanying RMS values in columns 2 
and 3 shows that not only an accurate colour temperature control can be achieved, but also a comparatively 
low sensitivity to drift when the first wavelength range is chosen to be between 500 nm and 700 nm. A 
comparison of the results in the ranges with numerals 4 to 6 and 9 to 12 further shows that the combination 
of accurate colour temperature control and comparatively low sensitivity to drift obtains for a considerable 
variation in width of the first wavelength range. 

The twelve spectra were also used to carry out a comparison between the measured colour tempera- 
ture and the colour temperature calculated according to a linear relation in the case in which a third 
wavelength range is used. The ranges 550 nm - 600 nm and 695 nm - 645 nm were chosen in that order 
for the third wavelength range. In each of these ranges, the RMS value of the difference in colour 
temperature was ascertained for a number of ranges for the first wavelength range varying between 375 nm 
- 425 nm and 700 nm - 750 nm. The RMS value found lay between 41 K when the first wavelength range 
was from 375 nm to 425 nm and the third wavelength range was from 550 nm to 600 nm, and 7 K when the 
first wavelength range was from 600 nm to 650 nm and the second wavelength range was from 550 nm to 
600 nm. 



Claims 

1. A switching arrangement suitable for operating a high-pressure sodium discharge lamp by means of an 
adjustable power and provided with means for generating a control signal for controlling the adjustable 
power, characterized in that the means for generating the control signal comprise optical sensing means for 
spectral power registration of light emitted by the lamp in a first wavelength range lying between 350 nm 

2° A 8 witching arrangement as claimed In Claim 1. characterized in that the means for generating the 
control signal further comprise optical sensing means for spectral power registration in a second wavelength 
rarge situated for the major part in the wavelength range of 500 nm to 780 nm. 

3. A switching arrangement as claimed in Claim 1 or 2. characterized in that the first wavelength range is 
situated between 500 nm and 700 nm. 

4. A switching arrangement as claimed In Claim 1. 2 or 3. characterized in that the means for generating ttw 
control signal also comprise optical sensing means for spectral power registration in a third wave eng* 
range situated between 550 nm and 650 nm and separated for the major part from the first wavelength 
range. 
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